Recent proposals suggest that some interventions designed to improve language skills might also target or train selective attention. The present study examined whether six weeks of high-intensity (100 min/day) training with a computerized intervention program designed to improve language skills would also influence neural mechanisms of selective auditory attention previously shown to be deficient in children with specific language impairment (SLI). Twenty children received computerized training, including 8 children diagnosed with SLI and 12 children with typically developing language. An additional 13 children with typically developing language received no specialized training (NoTx control group) but were tested and retested after a comparable time period to control for maturational and test-retest effects. Before and after training (or a comparable delay period for the NoTx control group), children completed standardized language assessments and an event-related brain potential (ERP) measure of selective auditory attention. Relative to the NoTx control group, children receiving training showed increases in standardized measures of receptive language. In addition, children receiving training showed larger increases in the effects of attention on neural processing following training relative to the NoTx control group. The enhanced effect of attention on neural processing represented a large effect size (Cohen's d = 0.8), and was specific to changes in signal enhancement of attended stimuli. These findings indicate that the neural mechanisms of selective auditory attention, previously shown to be deficient in children with SLI, can be remediated through training and can accompany improvements on standardized measures of language. 
Introduction
For some children, the development of oral language skills does not proceed as expected. Despite normal intelligence, this small but significant minority of otherwise typically developing children -roughly 7% of kindergarteners -experiences considerable difficulty with language acquisition (Leonard, 1998; Tomblin et al., 1997) . The particular areas of linguistic weakness vary from one child to the next, and many of these children also experience subtle deficits in nonlinguistic aspects of sensory processing (for a review, see Leonard, 1998) . Given the heterogeneity of deficits in children with specific language impairment (SLI), a major challenge for intervention research is to identify what skills should be targeted by language training programs and what benefits can be expected to result from such training. Recent proposals suggest that some interventions that have been developed to improve language skills might also train, or improve language in part by training, selective attention (Gillam, 1999; Gillam et al., 2001a,b; Hari and Renvall, 2001; Sundberg and Lacerda, 2003) . However, to date no studies have examined the effects of putative language training programs on measures of selective attention. The overarching goal of the present study was to examine whether intensive training with a computerized intervention program designed to improve language skills also leads to changes in the neural mechanisms of selective auditory attention previously shown to be deficient in children with SLI .
Attention deficits in SLI
Current hypotheses about the underlying causes of SLI differ in the relative emphasis placed on linguistic versus sensory/cognitive mechanisms. For example, several researchers have proposed that SLI is characterized by deficits in aspects of syntax and morphology (Chiat and Hirson, 1987; Rice, 1997; Rice et al., 1998; van der Lely et al., 2004) . Although different researchers emphasize different linguistic processes, these theories hold in common the claim that SLI, at least in some children, is fundamentally a language-specific disorder; that is, a disorder specific to the linguistic system. In contrast, other researchers have proposed that SLI emerges from more domain-general deficits in sensory/ cognitive mechanisms, such as reduced speed of processing or difficulty integrating rapidly presented auditory stimuli Leonard, 1998; McArthur and Bishop, 2005; Tallal et al., 1996) . Such domain-general deficits are proposed to have particularly profound consequences for those aspects of language that place heavy processing demands on less perceptually salient phonemes and morphemes (Leonard, 1998 (Leonard, , 1989 . Consistent with the hypothesis that domain-general deficits are characteristic of SLI, several recent behavioral studies have reported deficits in selective attention in children with disorders of language, including SLI and dyslexia (Asbjørnsen and Bryden, 1998; Asbjørnsen et al., 2003; Atkinson, 1991; Cherry and Kruger, 1983; Klein and D'Entremont, 1999; Sperling et al., 2005) . These studies indicate that children with disorders of language have particular difficulty selectively attending to task-relevant stimuli when co-present task-irrelevant stimuli must be actively filtered. Importantly, the observed attention deficits generalize across both linguistic and nonlinguistic contexts in both the auditory and visual modalities, suggesting that the attention deficit implicated in children with disorders of language is both domain-general and multi-sensory.
Postulated role of attention in interventions for children with SLI
The range of deficits proposed to underlie SLI has given rise to interventions focusing on different aspects of linguistic or sensory/cognitive systems including grammar, phonological awareness, and rapid auditory processing. Although purely attention-based interventions have not been used with children with SLI, it has been proposed that some interventions for children with SLI may also influence selective attention (Gillam, 1999; Gillam et al., 2001a,b; Hari and Renvall, 2001; Sundberg and Lacerda, 2003) . This proposal has been most prominent in discussions of the Fast ForWord intervention products. The Fast ForWord -Language program, hereafter referred to simply as FFW, targets oral language skills through intensive, computer-based activities with acoustically modified speech and nonspeech sounds (Tallal, 2004) . The program is based on the theory that language deficits arise from more basic perceptual deficits in processing, and specifically in processing sounds that are separated by brief durations or are themselves short in duration (Tallal, 2004; Tallal et al., 1998) . Children receiving the FFW intervention typically train with the software for 100 min per day, five days per week, for four to six weeks. To date, over half a million children in thousands of public schools across the United States have used the Fast ForWord programs (Scientific Learning Corporation, 2007) .
Although FFW is typically considered an intervention targeting rapid auditory processing, the creators of FFW contend that the program also influences the domain-general systems of memory and attention. 3 Other researchers have also suggested that when FFW is effective, it may work in part by training attention or other domain-general mechanisms (Gillam, 1999; Hari and Renvall, 2001; Sundberg and Lacerda, 2003) . When FFW is implemented as intended, children spend sustained amounts of time (100 min/day) engaging with and attending to auditory stimuli. Thus, it is reasonable to hypothesize as some clinicians have (Gillam, 1999) , that FFW training improves attention skills in children. Recent reviews indicate that the evidence for the efficacy of FFW remains controversial (e.g., see Gillam, 1999; Gillam et al., 2001b; Troia and Whitney, 2003) . Studies of individual children receiving FFW training with one-on-one coaching indicate that gains in standardized assessments of language can approach or exceed one standard deviation in magnitude (FrielPatti et al., 2001; Loeb et al., 2001) . However, the particular areas of language improvement are inconsistent across children, and there is little evidence that language gains are related to performance measures on FFW tasks (Borman and Benson, 2006; Cohen et al., 2005; Friel-Patti et al., 2001; Loeb et al., 2001) . When FFW has been directly compared to other intervention programs (e.g., Lindamood Phoneme Sequencing Program, Laureate Learning Systems, Earobics), the gains from different interventions are generally indistinguishable (Cohen et al., 2005; Gillam et al., 2001a; Pokorni et al., 2004; Sundberg and Lacerda, 2003) . Although there is great variability in the presence and magnitude of standardized test gains depending upon the study and particular implementation procedure, it is remarkable that training effects are seldom treatment-specific. It has been suggested (Gillam et al., 2001a,b; Sundberg and Lacerda, 2003) that the similar gains observed across FFW and other computer-based (Cohen et al., 2005; Pokorni et al., 2004; Sundberg and Lacerda, 2003) and interpersonally-delivered (Gillam et al., 2001a; Pokorni et al., 2004) interventions might reflect the common influence of these interventions on selective attention.
A recent neuroimaging study provides preliminary support for the hypothesis that FFW may influence attentional systems (Temple et al., 2003) . In this study, twenty adolescents with dyslexia received Fast ForWord training. Before and after training, children completed a phonological processing task during functional magnetic resonance imaging (fMRI) scanning. Following training, the children with dyslexia showed increased recruitment of brain regions associated with phonological processing, as well as increased activation in the anterior cingulate, an area associated with attentional control (Bush et al., 2000) . The same changes were not observed in a typically developing, no-treatment control group retested after a comparable period of time. As the authors noted, the observed increased activation in the anterior cingulate could be an indication of changes in attentional skills related to FFW training. However, to our knowledge no studies have directly examined whether training with FFW influences the neural mechanisms of selective attention.
Electrophysiology of selective auditory attention
Event-related brain potentials (ERPs) are changes in the electrical activity of the brain in response to specific events. ERPs can be recorded with surface electrodes placed on the scalp and, for over 30 years, have been used as a noninvasive method to examine the mechanisms of selective auditory attention in adult humans. In a classic selective auditory attention ERP paradigm, separate streams of auditory stimuli (e.g., tone pips) are presented to each ear . Participants attend to one of the two streams to detect rare target events, and ERPs are recorded to standard (non-target) stimuli in the attended and ignored stream. A comparison of the ERPs elicited by stimuli in the attended and ignored streams reveals the effects of selective attention on sensorineural processing: A number of studies have reported that approximately 100 ms after sounds are presented, the first negative wave (N1) of the ERP is amplified (i.e., more negative) in response to stimuli in the attended relative to the ignored stream (Hillyard et al., , 1987 Woldoff and Hillyard, 1991) . This early amplification likely results from the joint processes of signal enhancement of the attended stimuli and suppression of the competing stimuli presented in the ignored channel. Several studies have indicated that these early ERP attention effects have a spatial gradient (Teder-Salejarvi and Hillyard, 1998) , can select for non-spatial auditory dimensions (Woods et al., 1991) , and are apparent in the visual modality, as well (Hillyard and Anllo-Vento, 1998) . This ERP attention effect is associated with improved behavioral performance on detection tasks, as measured by response accuracy (d-prime) and reaction time (Neville and Lawson, 1987; Roder et al., 1999; Squires et al., 1973; Teder-Salejarvi and Hillyard, 1998; TederSalejarvi et al., 2005) . We have recently conducted studies using similar ERP paradigms with children (Coch et al., 2005; Sanders et al., 2006) . In these studies, separate narrative stories are presented to each ear, and ERPs are recorded to probe stimuli superimposed on the attended and ignored story. Although children show a broad positivity (rather than an N1) in response to probe stimuli approximately 100 ms after stimuli are presented, the broad positivity is amplified (i.e., more positive) with attention in children as young as three years of age . Interestingly, unlike typically developing children, children with SLI do not show evidence of early attentional modulation in this paradigm, even when performing the task as directed . Further, the deficits in SLI are linked specifically to reduced amplification of the neural response to probes in the attended channel (i.e., signal enhancement) rather than difficulties in suppression of responses to probe stimuli in the ignored channel (i.e., distracter suppression) .
Given the evidence that attention skills are compromised in children with language or reading impairments (Asbjørnsen and Bryden, 1998; Asbjørnsen et al., 2003; Atkinson, 1991; Cherry and Kruger, 1983; Klein and D'Entremont, 1999; Sperling et al., 2005; Stevens et al., 2006) , any effect of FFW training on attention skills may be particularly beneficial to these children. The electrophysiological data reviewed above suggest that SLI is associated with specific deficits in the neural mechanism of early auditory signal enhancement. Thus, if FFW does influence the mechanisms of selective attention, these changes might be evident in electrophysiological indices of selective auditory attention.
1.4.
Overview of the present study
The present study examined whether training with Fast ForWord, when delivered in a controlled laboratory setting by trained FFW coaches, would influence the neural mechanisms of selective auditory attention previously shown to be deficient in children with SLI. Before and after receiving FFW training, children completed an electrophysiological assessment of selective auditory attention. Children were cued to attend to one of two simultaneously presented children's stories differing in content, location (a speaker located to their right or to their left), and narrator voice (male or female). ERPs were recorded to probe stimuli embedded in the attended and unattended stories. The difference in mean amplitude response to probe stimuli when attended versus unattended was compared from pre-to post-intervention. Children also completed the receptive and expressive subscales of the standardized Clinical Evaluation of Language Fundamentals-3 (CELF-3, Semel et al., 1995) assessment before and after training. We predicted that training with FFW would increase the effects of attention on early (100-200 ms post-stimulus onset) neural processing, and that these increases would exceed any changes observed in a no-contact control group retested after a comparable period of time. Further, changes were expected to result from increases in the amplitude of response to attended stimuli (i.e., improvements in signal enhancement), as this has been identified as the specific locus of deficits in attentional modulation in children with SLI . We also predicted that FFW training would lead to gains in standardized measures of receptive and expressive language.
Two groups of children received FFW training: a group diagnosed with SLI and presenting with poor receptive language skills (n = 8) and a group of typically developing children (n = 12). The inclusion of the latter group provided a strong test of the hypothesis that training with FFW would also confer advantages to children without poor language or selective attention skills. A no-treatment control group of typically developing children (n = 13) was also tested twice, at comparable time points, to control for any maturational or test-retest effects.
Results
Three dependent measures were examined: CELF-3 receptive language composite scores, CELF-3 expressive language composite scores, and the ERP index of selective auditory attention. Standard scores, which control for participants' age, were used in all analyses of standardized test data. A schematic of the ERP experimental paradigm is provided in Fig. 1 . Table 1 presents demographic characteristics of the three groups of children (FFW-LI, FFW-TD, NoTx), separately for children with data available for the behavioral and ERP analyses. Changes in each dependent measure from pre-to post-testing were assessed by comparing the gain scores using a one-way ANOVA with three levels of the between-subject factor of Group (FFW-LI, FFW-TD, NoTx). Follow-up t-tests and contrasts were used to examine the nature of any differences among groups, as indicated below.
Progression through FFW activities
Despite the high level of attendance and multiple methods for progress monitoring, children's actual performance on the FFW games was relatively poor. On average, the FFW-LI group achieved a 41% rate of completion across the FFW exercises, and the FFW-TD group a 55% rate of completion. This difference was not statistically significant. At the end of the training period, only one child in the FFW-LI group and two children in the FFW-TD group had achieved the program-set performance criterion of 80% completion on five of seven exercises.
CELF-3 receptive language scores
Receptive language scores from pre-and post-testing for the three groups are presented in Table 2 and Fig. 2 . Critical to the hypothesis that FFW training would improve receptive language scores, results indicated differential change from pre-to post-testing across the three groups (main effect of Group, F(2,26) = 5.01, P b .05). Both FFW groups showed evidence of increased receptive language scores following training, with the FFW-LI group increasing + 14.2 SS points (t(6) = − 5.36, P b .01), and the FFW-TD group showing a similar trend for improvement with a +5.6 SS point increase (t(8) = −2.00, P b .1). In contrast, the NoTx control group showed a non-significant + 0.8 SS change (t(12) = −0.30, P = .77). The combined FFW group (FFW-LI and FFW-TD) was directly compared to the NoTx control group using a contrast analysis. The FFW-LI and FFW-TD groups were each assigned weights of 0.5, and the NoTx control group was assigned a weight of −1.0. This contrast indicated that the combined FFW group's receptive language scores improved significantly relative to the NoTx control group (t(26) = 4.32, P b .001). This change represented a Cohen's d effect size of 0.91 relative to changes in the NoTx control group (based on a pooled standard deviation change score of 9.38 SS across the sample of 27 participants).
CELF-3 expressive language scores
To examine whether the gains observed in receptive language generalized to expressive language measures, a comparable analysis was conducted on children's scores on the CELF-3 expressive language composite. These data are presented in Fig. 3 . Contrary to the hypothesis that FFW training would improve expressive language scores, there was no evidence for differential change from pre-to post-test across the three groups (main effect of Group, F(2,26) = 1.05, P = .36). Although there was no evidence for differential change in expressive language scores as a function of training, across all children there was an overall +4.3 SS increase in expressive language scores from pre-to post-testing (t(28) = −2.56, P b .05). 
Electrophysiology of selective attention
Results from the standardized language tests suggested that FFW training leads to increases in receptive language scores in 6-to 8-year-olds. To assess whether changes in the neural mechanisms of selective auditory attention might accompany these changes in receptive language scores, children were also assessed using the ERP measure of selective auditory attention described above. Grand average ERP waveforms for the FFW-LI, FFW-TD, and NoTx control groups are presented in Fig. 4 for both pre-and post-intervention (or comparable time points for the NoTx control group) at representative electrode sites FC5 and FC6. These data are quantified in Table 2 and Figs. 5 and 6. These figures and the analyses below collapse across the two probe types (linguistic and nonlinguistic) as preliminary analyses indicated that none of the results were influenced by this factor.
The ERP data were first examined visually to assess qualitative patterns of change. As seen in Fig. 4 , at pre-testing the FFW-LI group exhibited similar responses to attended and unattended probes within the 100-200 ms time window, whereas the FFW-TD and NoTx control group showed larger responses to attended than unattended probes during this same epoch. At post-testing, the effects of attention on sensorineural processing (i.e., the difference in response to attended and unattended probes) appeared larger than at pre-testing from 100-200 ms in the groups receiving FFW training. In contrast, the data for the NoTx control group looked similar at pre-and posttest time points. Quantitative analyses, described below, confirmed these observations.
Critical to the hypothesis of the study, there was evidence for differential change in the effect of selective attention on early sensorineural processing across the three groups (main effect of Group, F(2, 24) = 2.66, P b .1). Both FFW groups showed evidence of increased effects of attention on sensorineural processing following training, with the FFW-LI group showing a +1.4 μV increase in the attention effect (t(6) = −3.16, P b .05), and the FFW-TD group showing a trend toward a significant +0.7 μV increase in the attention effect (t(8) = −1.91, P b .1). In contrast, the NoTx control group showed no change in the magnitude of the attention effect from pre-to post-testing (t(10)= −0.06, P = .96, mean increase +0.02 μV). The combined FFW group (FFW-LI and FFW-TD) was directly compared to the NoTx control group using a contrast analysis. The FFW-LI and FFW-TD groups were each assigned weights of 0.5, and the NoTx control group was assigned a weight of −1.0. This contrast indicated that the combined FFW group showed a significantly larger change in the magnitude of the attention effect from pre-to post-testing relative to the NoTx control group (t(24)= 3.37, P b .01). This change represented a Cohen's d effect size of 0.81 relative to changes in the NoTx control group (based on a pooled standard deviation of change scores of 1.22 μV across the full sample of 27 participants).
Follow-up paired t-tests were used to assess whether the changes following training in the combined FFW group resulted from an increased response to attended stimuli (i.e., improved signal enhancement) or a decreased response to unattended stimuli (i.e., improved distractor suppression) or both. Responses to unattended stimuli did not change from pre-to post-FFW training (t(15) = 0.93, P = .37). In contrast, the neural response to attended stimuli did increase following FFW training (t(15) = −2.40, P b .05; see Fig. 6 ), suggesting that improvement in signal enhancement is the specific mechanism underlying changes in selective auditory attention following FFW training.
Changes in the number of correctly answered comprehension questions about the attended story did not show differences among the FFW-LI, FFW-TD, and NoTx groups (main effect of Group, F(2, 24) = 0.50, P = .61). Across all three groups, there was a trend toward an increase in the number of attention questions correctly answered (t(26)= −1.78, P b .1, mean correct pre 88%, mean correct post 93%).
Discussion
The present study provides the first direct assessment of changes in the neural mechanisms of selective auditory attention following training with the Fast Forward -Language program. Following FFW training, children with SLI showed evidence for increased effects of selective auditory attention on neural processing during a language listening task, and typically developing children showed a similar trend. These increases were nearly one standard deviation in magnitude and were not observed in a no-treatment control group retested after a comparable period of time. Receptive language scores also showed increases following FFW training in children with SLI, with a similar trend for typically developing children, while such gains were not observed in the notreatment control group. Taken together, these data suggest that intensive computerized training with FFW, when administered in a laboratory setting with high levels of monitoring by adult coaches, can increase the effects of selective auditory attention on neural processing during language listening tasks and improve receptive language skills.
Changes in attention following training
Several previous behavioral studies have reported attention deficits in both linguistic and nonlinguistic tasks in children with language or reading impairments (Asbjørnsen and Bryden, 1998; Asbjørnsen et al., 2003; Atkinson, 1991; Cherry and Kruger, 1983; Klein and D'Entremont, 1999; Sperling et al., 2005) . Our previous electrophysiological study traced this deficit to the early stages of auditory sensory processing that are typically modulated by attention and, more specifically, to the mechanism of signal enhancement . The present study, using the same electrophysiological selective auditory attention paradigm, demonstrated that children with SLI showed increased effects of attention on early sensorineural processing during a language listening task following FFW training. When the mechanisms of signal enhancement and distractor suppression were examined separately, these changes were localized to improved signal enhancement. These data indicate that deficits in the early effects of selective auditory attention, at least within a language listening context, can be habilitated following FFW training. Further, this training appears to target the specific mechanism (i.e., signal enhancement) previously shown to be impaired in children with SLI. The early ERP amplitude changes following FFW training observed in the present study are consistent with results from an fMRI study of children completing FFW training (Temple et al., 2003) . As mentioned above, this previous study reported increased activation of the anterior cingulate during a pseudoword reading task in readers with dyslexia following FFW training. The authors speculated that the increased anterior cingulate activation might be related to changes in aspects of attentional processing. The anterior cingulate has been associated with attentional control, particularly when task demands produce response conflict (e.g., during Stroop or flanker tasks) (Botvinick et al., 2004; Bush et al., 2000) . In contrast, the changes observed in the present paradigm, which specifically manipulated selective auditory attention, provide direct evidence for changes in selective attention following this computerized training.
Although marked changes in neural processing related to selective auditory attention following FFW training were evident in the present study, no behavioral measures of attention were included. Despite this, it seems reasonable to assume that the enhanced effects of attention on sensorineural processing reflect improved attention abilities, as several studies have indicated that an increased effect of attention on sensorineural processing is associated with improved performance on behavioral measures of attention (Neville and Lawson, 1987; Roder et al., 1999; Squires et al., 1973; TederSalejarvi and Hillyard, 1998; Teder-Salejarvi et al., 2005) . However, to address this question directly, it will be important for future studies to examine the effects of FFW training on behavioral as well as neural indicators of attention.
It may seem surprising that changes in the mechanisms of selective auditory attention were observed following use of an intervention program designed to target language and auditory processing. However, several authors have proposed that attention may be trained by FFW (Gillam, 1999; Gillam et al., 2001a,b; Hari and Renvall, 2001; Sundberg and Lacerda, 2003) . Indeed, the very nature of FFW training, which involves large amounts of time spent attending to auditory stimuli, might be expected to improve selective auditory attention. The present results indicated increased effects of attention on sensorineural processing following FFW training, and these improvements generalized across both linguistic and nonlinguistic probe stimuli. This suggests that the changes in attention following FFW training may generalize beyond auditory linguistic stimuli. However, it is also true that the selective auditory attention paradigm used in the current study was embedded in a linguistic context (i.e., listening to an auditorily presented story). Thus, we cannot determine from these data alone whether the attentional enhancement observed can be generalized to nonlinguistic or visual domains. Despite this, the strong conclusions that can be drawn from the electrophysiological findings are that FFW training can influence selective attention in an auditory linguistic context, and that these changes are evident at the earliest stages of auditory processing previously shown to be modulated by selective attention in both typically developing children and adults (Coch et al., 2005; Sanders et al., 2006) . These ERP data add to the growing body of evidence indicating considerable variability and modifiability in the neural mechanisms of selective attention. While enhancements have been observed among individuals born congenitally deaf (Bavelier et al., 2000; Neville and Lawson, 1987) or blind (Roder et al., 1999) , impairments have been found in individuals with clinical disorders including SLI and autism (Bird et al., 2006; Teder-Salejarvi et al., 2005) . These two sides of plasticity -revealing the potential for both enhancement and vulnerability of attention -suggest that the neural mechanisms of attention might be trainable. Indeed, recent studies indicate behavioral improvements in attention following video game or computerized training in adults Bavelier, 2003, 2006) and children (Rueda et al., 2005) . The present data further suggest that training programs can be effective at normalizing the brain systems important for the earliest effects of selective attention on sensorineural processing.
Changes in language following training
Children receiving FFW training showed improvements on a standardized language assessment. Relative to the no-treatment control group, children receiving FFW training made large gains of 0.9 standard deviations on the standardized measure of receptive language. On the measure of expressive language, both the FFW and control groups made gains from pre-to post-test that were statistically indistinguishable. However, it should be noted that the mean gains in expressive language were two to four times larger in the FFW-LI group than in the other two groups of children. The increase in receptive language scores following FFW training for children with SLI is consistent with results from previous case studies of children receiving individualized FFW instruction (Friel-Patti et al., 2001; Gillam et al., 2001a; Loeb et al., 2001 ). However, the gains in the current study are considerably larger than those reported in recent studies implementing FFW in small groups (Pokorni et al., 2004) , under parental supervision (Cohen et al., 2005) , or in school-based randomized field trials (Borman and Benson, 2006; Rouse and Krueger, 2004) . Results of some of these latter studies have indicated no or minimal improvements in receptive language scores with FFW training. One critical difference among these studies may be in the implementation of FFW training. In the current study, the coach-to-student ratio was maintained from 1:1 to 1:2.5. An elaborate token economy system was implemented as coaches indicated that following the first few days of FFW, motivating children to continue was very difficult. Thus, the implementation of FFW in the present study may have provided a level of monitoring and encouragement needed to keep children engaged and on task.
Previous studies have also found no relationship between language outcomes and FFW performance measures including number of days attending training, number of minutes played per day, or percent completion on the activities (Borman and Benson, 2006; Cohen and Ball, 1999) . In the present study, children did not achieve high levels of percent completion on the FFW games but still showed large gains in receptive language scores. This pattern of findings suggests that something other than progression through the FFW exercises may be responsible for the receptive language gains observed, for example, the daily interactions with the FFW coaches or improved attention (discussed below).
Relationship between improvements in language and attention
As noted above, the auditory attention measure used in the current study was embedded in a linguistic context (i.e., attending to an auditory story). As such, the present data provide strong evidence that selective auditory attention in a linguistic context is enhanced following computerized training, but the data cannot speak directly to whether aspects of domain general attention are improved.
With this caveat in mind, given the evidence for nonlinguistic attentional deficits in children with language and reading impairments, as well as the present results, it is worth considering whether FFW might improve language in part by training selective auditory attention. At a surface level, improved selective attention could enable a child to perform better under standardized testing conditions, without actually changing a child's linguistic competence. However, improved selective attention might have more direct impacts on language. It has been noted that children with SLI have the most difficulty with linguistic forms that are less perceptually salient, such as the past tense -ed inflection, possessive s, or articles (Leonard, 1998 (Leonard, , 1989 .
Improvements in the early neural mechanisms of selective attention may facilitate the perception and processing of these more vulnerable linguistic forms. Temporally selective attention, which allows for the preferential processing of information presented at specific time points in rapidly changing streams, has also been shown to modulate early auditory evoked potentials (Lange and Röder, 2006; Lange et al., 2003; Sanders and Astheimer, in press ). Skilled listeners may apply temporally selective attention during speech perception to help them process only the most relevant of the rapid acoustic changes (Astheimer and Sanders, in press ). Indeed, recent electrophysiological studies indicate that speech segmentation is associated with early neural modulation similar to the effects of selective attention on auditory processing (Sanders and Neville, 2003; Sanders et al., 2002) .
If FFW activities are training auditory attention, and if it is this attention training that mediates language improvement, it might be beneficial to design activities for children with SLI that target attention explicitly. For example, a recent study of attention training for typically developing preschoolers showed that short-duration attention training (five one-hour sessions) led to improvements in behavioral and neural measures of attention that also generalized to measures of non-verbal intelligence (Rueda et al., 2005) . This suggests that training that targets attention explicitly might be an efficient means of improving not only attention, but also generalized intelligence and learning in domain-specific contexts. Consistent with this proposal, a recent study reported that adolescents with dyslexia showed greater gains following a 10 week writing intervention if they first received 10 weeks of attention skills training (as opposed to 10 weeks of reading fluency training) (Chenault et al., 2006) . This suggests that prior training in attention might help children with language deficits benefit more from targeted instruction in an academic domain.
Limitations and future directions
As noted, the largest limitation in the present study was the absence of a nonlinguistic measure of selective attention. The electrophysiological improvements in selective attention generalized across both linguistic and nonlinguistic probe types, but the overarching context of the paradigm -listening to an auditory story -was undeniably linguistic. If the ERP attention changes observed in the current study were limited to linguistic contexts, then we would predict that following FFW training, gains would not be observed in nonlinguistic selective auditory attention tasks. We are currently developing a nonlinguistic selective auditory attention ERP paradigm that would be useful in testing this hypothesis directly. Another limitation is that the control group in the present study differed in many ways from the FFW treatment groups. Whereas children in the control group received no intervention of any kind, children in the treatment group received exposure to the FFW materials, experience in a highly structured classroom setting, large amounts of attention from adults, and incentives for maintaining attention and engagement with the computerized activities. It could be a combination of these factors, or any factor in isolation, that accounts for the changes observed.
Although a typically developing, no-treatment control group was included in this study, difficulties with subject recruitment precluded the inclusion of a no-treatment control group of children with SLI. However, we do not expect that test-retest effects would be any larger or different in children with SLI than those observed in typically developing children. Although children with low initial scores on assessments are more likely to show increases on subsequent testing due to regression toward the mean, standardized language scores among children with SLI are known to be consistently low, even with repeated testing (Leonard, 1998) . Further, estimates of CELF-3 test-retest effects for children with SLI can be gleaned from a recent controlled intervention study that did include an SLI no-treatment control group (Cohen et al., 2005) . Twenty-seven children with SLI, whose age and language profiles were similar to children in the current study, received no intervention but were retested after nine weeks. On average, the children with SLI showed language changes of + 3.8 and − 0.1 SS for the receptive and expressive CELF composites, respectively (Cohen et al., 2005) . These changes are similar to those observed in the typically developing children in the no-treatment control group in the present study and suggest that the large receptive language gains for the children with SLI in the present study cannot be explained by test-retest or regression to the mean effects.
Although children receiving FFW training in the present study showed gains in receptive language scores and electrophysiological measures of selective auditory attention immediately following FFW training, it is unclear whether either the attention or receptive language gains persisted after the intervention ended, as there was no longitudinal follow-up. One longitudinal study that followed children with dyslexia for two years after the end of FFW training reported that standard scores on language assessments regressed back toward pre-intervention levels by the end of the second follow-up year (Hook et al., 2001) . Another study reported that some, but not all, standardized test gains following FFW training had remitted three months after the end of intervention (Loeb et al., 2001 ). These findings suggest that the language gains observed in the present study might not be maintained over time, but the impacts of FFW training specifically on attention have not been studied long-term.
To our knowledge these are the first data showing that abnormalities in the mechanisms of selective auditory attention, as observed in the children with SLI, can be remediated with training. However, recent research indicates that a sensitive period might constrain modifiability of the earliest effects of attention on sensorineural processing (Fieger et al., 2006) . Specifically, whereas congenitally blind adults show changes in early N1 attention effects (Roder et al., 1999) , adults blinded later in life show changes only in later attention effects, several hundred milliseconds after the N1 peak (Fieger et al., 2006) . In contrast, regardless of the age at which they became blind, blind adults show similar behavioral improvements in spatial selective attention (Fieger et al., 2006) . In addition, training studies in adults indicate that behavioral measures of attention can show improvement, even in adults Bavelier, 2003, 2006) . This pattern of results suggests that whereas certain behavioral indices of attention show change throughout life, these changes may be mediated by different neural mechanisms at different ages. Thus, it will be important for future studies to examine whether modifiability in the early neural mechanisms of selective auditory attention can be induced in adolescents or adults.
Conclusions
The results of the present study suggest that, when administered in small groups with a high coach-to-student ratio, training with FFW can be effective at improving the neural mechanisms of selective auditory attention during language listening tasks in children with SLI and, to some extent, in typically developing children. These changes in selective auditory attention occur alongside improvements in standardized measures of receptive language. These findings indicate that the neural mechanisms of early selective auditory attention in linguistic contexts are malleable in children and can be habilitated through training, offering a promising direction for future intervention research.
Experimental procedures

Participants
A total of 33 children participated in this study, either as participants in FFW training or as members of a no-treatment control group. Twenty children received FFW training, including 8 children diagnosed with specific language impairment (FFW-LI) and 12 children with typically developing language (FFW-TD). An additional 13 children with typically developing language received no specialized training (NoTx control group) but were tested and retested at time points comparable to the FFW intervention groups. All children were 6-to 8-year-old (average age 7.6 years) monolingual native English speakers with normal hearing (20 dB at 500, 1000, and 4000 mHz) and normal or corrected-tonormal vision (Kindergarten Snellen). All children had nonverbal IQ scores above 80 SS as assessed by the Stanford-Binet 5 (Roid, 2003) or Columbia Mental Maturity Scale (Burgemeister et al., 1972) . Children with known neurological disorders, taking psychoactive medications, or diagnosed with AD/HD were excluded from the study.
Potential participants were recruited from local schools and advertisements placed in the community. Children in the FFW-LI group were previously diagnosed as language impaired by private clinicians or through their schools and had current CELF-3 receptive language composites less than or equal to 88 SS (21st percentile). On average, the FFW-LI group had both receptive and expressive language scores in the 5th percentile (76 and 75 SS, respectively). Children in the FFW-TD and NoTx control groups had no history of language difficulties and CELF-3 receptive language composites greater than or equal to 94 SS (34th percentile). On average, the typically developing children had receptive and expressive language scores in the 73rd and 61st percentiles, respectively (109 and 104 SS, respectively).
Descriptive data for the three groups are shown in Table 1 , separately for children with data available for analyses of standardized test and electrophysiological data.
FFW Administration
FFW training took place during the summer or, for a minority of students (n = 4), after school during the regular academic year. Participating children completed FFW training in small group settings (1-5 students) at university-or school-based computer laboratories. Trained FFW coaches monitored children's progress and implemented a daily schedule and token economy system to encourage children's engagement with the FFW activities. The coach-to-student ratio ranged from 1:1 to 1:2.5, depending upon the needs of the child. All coaches completed the online FFW training program and received certification as coaches. In addition, lead coaches received a half-day, in person training from a FFW representative. A behavior specialist provided further training to coaches across three half-day sessions.
Children trained with the Fast ForWord -Language commercial software. Each intervention session lasted for 2 h, with 100 min dedicated to FFW activities. The remaining time was used for transition between activities, including snack and bathroom breaks. During the first week of FFW training, the initial 5-10 min of each session was used for a short "circle time" in which classroom expectations were reinforced. For staying on-task during the FFW sessions, children received "brain bucks" that could be used once per week to purchase small toys from a treasure box. Brain bucks were awarded at the discretion of FFW coaches as children continued or finished FFW activities, but were not related to FFW performance. Instead, brain bucks were used to encourage children to stay on task and focused on the computer exercises. At the completion of each FFW activity, children recorded the number of points earned on a personal progress chart, which each child took home at the end of each week. Each day that a child attended the FFW camp, his or her name was also entered into a drawing, held once per week, for a small prize.
Coaches monitored children's performance using the FFW progress monitoring tools. In addition, all children's computer stations were equipped with bifurcated headphones. Using these headphones, coaches could monitor children's responses to the auditory stimuli and assist each child as needed in understanding the FFW games.
Children in the current study completed six weeks (30 training days) of FFW. FFW days missed due to child illness or family vacation were made up prior to post-testing. Although this was not possible in all cases, every child in the FFW intervention received at least 21 days of FFW training (mean = 29 days, range 21-30 days). Previous studies have used similar periods of training for FFW assessments (Gillam et al., 2001a; Pokorni et al., 2004) .
Assessment protocol
All children in both the FFW and NoTx control groups completed the same behavioral and electrophysiological assessment battery. The behavioral battery included the standardized CELF-3 receptive and expressive language composites (Semel et al., 1995) . The electrophysiological battery included a measure of selective auditory attention on which children with SLI have previously shown deficits . Behavioral and electrophysiological assessments took place on separate days, with the standardized language assessments spread across one or two days depending upon the needs of the child. Pre-testing occurred within 30 days of the start of the intervention. 5 Post-testing occurred within 30 days of completion of FFW training. Pre-and post-testing dates for the NoTx control group were selected to ensure similar pre-to post-test dates to the intervention groups, after controlling for FFW absences. On average, 85 days elapsed between pre-and post-testing. The number of days between pre-and post-testing did not differ across the three groups, either for electrophysiological (F(2, 24) = 0.24, P = .79) or standardized language (F(2, 26) = 1.02, P = .38) assessments. All study procedures were approved by the University of Oregon Institutional Review Board. Informed consent was obtained from parents or legal guardians of participating children, and all children gave assent for participation.
Behavioral test administration
Standardized assessments were conducted at the University of Oregon or in a quiet room at the student's school. As part of this assessment, both the receptive and expressive language composite scores were calculated for each child using relevant subtests from the CELF-3 (Semel et al., 1995) . The following subtests comprised each composite score:
4.4.1. Receptive language composite 4.4.1.1. Sentence structure. The child chooses which of four visually presented pictures best represents a sentence provided orally by the examiner (e.g. The boy is being followed by the dog. / The boy who is sitting under the big tree is eating a banana. 
Test scoring and administration
All standardized assessments were administered by either a certified speech language pathologist (SLP) or graduate students trained and supervised by a certified SLP. This training involved a 4-week, 50-h comprehensive program in which students learned the assessment protocols, observed experienced testers, and completed practice test sessions with non-study adult and child volunteers. Prior to independent testing, graduate students demonstrated test administration accuracy. Continued reliability was monitored by a supervising SLP who observed multiple testing sessions in parallel through a oneway mirror and headphones connected to a suite of testing rooms. Offline, two independent coders scored all assessment protocols, and any discrepancies between coders were resolved through discussion with the supervising SLP. The standardized tests were administered by individuals uninvolved with FFW coaching and implementation. 6 Standardized test data were available from 29 children, including 7 in the FFW-LI group, 9 in the FFW-TD group, and 13 of the NoTx controls.
Electrophysiological testing
Electrophysiological testing was conducted at the University of Oregon. The ERP stimuli, tasks, and procedures were the same as those used in our previous studies of selective auditory attention in typically developing children and children with language impairment 7 Stevens et al., 2006) .
Participants were instructed to attend selectively to one of two simultaneously presented recordings of children's narrative stories. The stories differed in location (left/right speaker), narration voice (male/female), and content. Small images from the attended story were presented on a central monitor (see Fig. 1 ). Each participant attended to a total of four 2.5-3.5 min stories (two from each speaker location). ERPs were recorded to linguistic and nonlinguistic probe stimuli (100 ms duration) embedded in the attended and unattended stories. The linguistic probe was the syllable /ba/, spoken by a female speaker (different from the female narrators) and then digitized and edited to 100 ms duration. The nonlinguistic probe was created by scrambling 4-6 ms segments of the /ba/ stimulus. This resulted in a broad-spectrum "buzz" that, while sounding nonlinguistic, preserved many of the acoustic properties of the linguistic probe. The two stories were played at 60 dB SPL (A-weighted), and the probe stimuli were played at 70 dB. The interstimulus interval (ISI) between probes was 200, 500, or 1000 ms, with an equal number of probes presented at each ISI. Across the stories, 201-252 trials of each of the four probe types (linguistic/nonlinguistic × attended/unattended) were presented. The number of children attending/not attending to each story set was roughly balanced across groups (FFW-LI, FFW-TD, and NoTx control) and testing sessions (pre-and post-testing).
During ERP testing, an adult experimenter sat next to the child at all times to administer instructions and monitor the child's behavior. To encourage the child to pay attention, following each story the experimenter asked the child three 6 Data from four children post-tested by examiners who were also involved in FFW coaching were removed prior to analysis. Gain scores for these children were three times as large as gain scores from children post-tested by examiners blind to experimental condition.
7 Two children in the FFW-LI group were tested using the auditory attention paradigm reported in Coch et al., 2005 . This paradigm used the same structure and probe stimuli as the current study, but with different children's stories and images. We have previously shown that the two paradigms produce the same pattern of ERP results in typically developing children (Coch et al., 2005; Sanders et al., 2006) . Supplemental analyses conducted excluding these two children resulted in no changes in the main pattern of results reported in the text. basic two-alternative comprehension questions about the attended story (an answer of "I don't know" was counted as an incorrect response). These questions were not designed as a sensitive assay of children's language or attention abilities, but were instead included to reinforce to the child the goal of paying careful attention to a single story. After answering the three questions, the child heard another story concerning the same characters and read in the same voice. This procedure was repeated four times until the child had listened to four stories (attending twice to the left speaker and twice to the right speaker) and answered twelve comprehension questions.
ERP data were unavailable from six children for the following reasons: failure to visit the electrophysiology laboratory (one child in the FFW-LI group and one in the FFW-TD group), experimenter error during either pre-or post-test recording (one child in the FFW-TD and one NoTx control), or poor ERP data quality at either pre-or post-test (one child in the FFW-TD group and one NoTx control). Thus, the final ERP data set was comprised of 27 children, including 7 in the FFW-LI group, 9 in the FFW-TD group, and 11 NoTx controls.
Electrophysiological recording conventions
The electroencephalogram (EEG) was recorded from 29 tin electrodes mounted in an elastic cap (Electro-Cap International, Eaton, OH). Recording sites included: FP1/2, F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, T3/4, CT5/6, P3/4, T5/6, TO1/2, O1/2, Fz, Cz, and Pz. Additional electrodes were placed at the outer canthus of each eye and on the cheek beneath the right eye to monitor eye movements and blinks, respectively. On-line, electrodes were referenced to the right mastoid. Off-line, electrodes were re-referenced to the average of the left and right mastoid. Electrode impedances were kept below 10 KX for eye electrodes, 5 KX for scalp electrodes, and 3 KX for mastoid electrodes. The EEG was amplified 10,000 times using Grass 7P511 amplifiers (bandpass .01 to 100 Hz) and digitized online (250 Hz sampling rate). To reduce electrical noise in the data, a 60 Hz digital filter was applied off-line. To remove artifacts due to blinks, muscle movement, or eye movement, individual artifact rejection parameters were selected for each participant. Parameters were selected based on inspection of the raw data to identify the smallest change in amplitude observed during a blink (based on shape of traces recorded from the eye electrodes and reversal in polarity above and below the eye) or eye movement (based on shape and distribution). Muscle movement was assessed based on channel blocking. Trials thus determined to be contaminated by eye or muscle movements were not included in further analyses. Following artifact rejection, there was an average of 149 trials in each of the four conditions (attend/unattend × linguistic/ nonlinguistic probe types) at each time point. On average, the FFW-LI, FFW-TD, and NoTx control groups had 146, 150, and 152 trials per condition, which was not a significant difference (F(2, 24) = 0.06, P = .94). The number of available trials also did not differ by probe type, attention condition, or time of testing (smallest P = .53).
Separate ERPs were averaged to the probe stimuli in the attended and unattended channels. Mean amplitude measurements were taken from 100-200 ms post-stimulus onset, using the 100 ms immediately prior to probe stimulus presentation as a baseline. Measurements were taken for attended and unattended probes separately, as well as for the difference wave (Attended-Unattended), which more directly indexes the effect of attention on sensorineural processing. Analyses were conducted on these mean amplitude measurements averaged over 16 electrodes comprising the four most anterior rows of the electrode montage (F7/8, FT7/8, F3/4, FC5/6, C3/4, C5/6, CT5/ 6, T3/4). Analyses with the 100-200 ms time window over this set of electrodes have been used in our previous research with this paradigm and show reliable effects of selective attention in typically developing 6-to 8-year-old children Stevens et al., 2006) .
